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ABSTRACT
V CVn is a semiregular variable star with a V –band amplitude of ≈ 2 mag. This
star has an unusually high amplitude of polarimetric variability: up to 6 per cent.
It also exhibits a prominent inverse correlation between the flux and the fraction of
polarization and a substantial constancy of the angle of polarization. To figure out
the nature of these features, we observed the object using the Differential Speckle
Polarimetry at three bands centered on 550, 625 and 880 nm using the 2.5-m telescope
of Sternberg Astronomical Institute. The observations were conducted on 20 dates
distributed over three cycles of pulsation. We detected an asymmetric reflection nebula
consisting of three regions and surrounding the star at the typical distance of 35 mas.
The components of the nebula change their brightness with the same period as the
star, but with significant and different phase shifts. We discuss several hypotheses that
could explain this behavior.
Key words: stars: oscillations – circumstellar matter – instrumentation: high angular
resolution.
1 INTRODUCTION
The radiation of red long–period variables (LPV) is often po-
larized due to scattering on the dust, which is being formed
in their relatively cool atmospheres. The fraction and angle
of polarization of LPV fluctuate randomly due continuous
chaotic changes in the envelopes of these object. Usually the
fraction of polarization changes from 0 to 2 per cent, the ori-
entation of the polarization plane has no preferred direction
(Clarke 2010). A semiregular variable star V CVn, which has
a period of 194 days (Samus’ et al. 2017) and V –band am-
plitude of ≈ 2 mag, stands out against this background. The
fraction of polarization of this star changes from 1 to 6 per
cent while the angle of polarization is quite stable: from 99◦
to 122◦ (Serkowski & Shawl 2001). In addition, V CVn ex-
hibits most prominent inverse correlation between flux and
fraction of polarization among other long–period variables.
Neilson et al. (2014) discussed the polarization variabil-
ity of V CVn in detail. They considered qualitatively several
hypotheses which can potentially describe unique behavior
of the star. They concluded that the model of dusty disc and
the model of bow shock are the most probable. In the first
case, the intrinsic polarization is generated by the scattering
from the dusty thick disc or torus. The observer is close to
the plane of equator of this structure. The second hypothesis
states that a bow shock is formed at the boundary between
the stellar wind of V CVn and the interstellar medium, sim-
⋆ E-mail: safonov@sai.msu.ru (BS)
ilar to one found around o Ceti (Martin et al. 2007). Dust
from the wind will be accumulated at this boundary. This
dusty structure will also scatter and polarize stellar radia-
tion.
In both cases an asymmetry of scattering envelope
emerges. It can potentially produce non–zero intrinsic po-
larization of the object and the constancy of polarization
angle. Neilson et al. (2014) showed how the inverse correla-
tion between the total flux and polarization of the object
can be qualitatively explained by the interaction between
the pulsation–driven density waves and the bow shock or
dusty disk.
The existing array of polarization measurements of
V CVn covers dozens of pulsation cycles, what allows to
state that the peculiar behavior of the object is being repro-
duced. However in these measurements the polarization of
the whole object was integrated hampering further interpre-
tation. The localization of polarized flux source or sources
may be the key to understanding of the object.
Here we report on the observations of V CVn using
a high angular resolution polarimetry technique. We de-
tected a circumstellar environment around the star, which
behaviour may explain polarimetric variability of the ob-
ject. The paper is organized as follows. We briefly describe a
method and observations in Section 2. In Section 3 we con-
struct a simple geometric model of the observations. The dis-
cussion of possible interpretations and conclusions are pro-
vided in Sections 4 and 5, respectively.
c© 2019 The Authors
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Figure 1. The results of observations of V CVn (odd columns) and their modeling (even columns): the data for two dates and at two
filters (see the titles of panels in the upper row). The visibility ratios in the orthogonal polarizations (1) are presented in four upper
rows : |RQ|, |RU |, argRQ, argRU . The spatial frequency divided by the cut–off frequency D/λ is along the axes. In the lower row the
polarized flux in pixel divided by the total flux of the object is presented (the angular size of pixel is 20.6 mas/pix). The short lines depict
the polarization orientation, they have arbitrary length. The angular coordinates are along the axes. Dashed circles in the upper row
depict the region in the Fourier space where the comparison between measurements and models took place (see Section 3). The arrow in
the lower left panel indicates the proper motion of the star (see Section 4). In all panels, North is up and East is left.
2 OBSERVATIONS
V CVn was observed using the SPeckle Polarimeter (SPP)
of the 2.5-m telescope of the Caucasian Observatory of
the Sternberg Astronomical Institute of Lomonosov Moscow
State University. The SPP is a combination of a two–beam
polarimeter and a speckle interferometer (Safonov et al.
2017). The instrument is aimed at the study of polarization
of astrophysical objects at diffraction limited angular reso-
lution, i.e. 50 mas at wavelength of 500 nm. The angular
scale of SPP camera is 20.6 mas pix−1.
The observations were conducted on 18 dates dis-
tributed from 2017 December 2 to 2019 January 20 in the
fast polarimetry regime using three medium–band filters
centered on 550, 625, and 880 nm. In addition, we observed
the object in filters V and Ic on two dates in the spring of
2017.
The data were reduced using the Differential Speckle
Polarimetry (DSP) method described by Safonov et al.
(2019). As a result, we obtained estimations of the visi-
bility ratios of the object in orthogonally polarized light
(Norris et al. 2012):
RQ(f) =
I˜(f) + Q˜(f)
I˜(f)− Q˜(f)
, RU (f) =
I˜(f) + U˜(f)
I˜(f)− U˜(f)
. (1)
Here I˜, Q˜, and U˜ are the Fourier transforms of the Stokes
parameters distributions in the object. f is the spatial fre-
quency. As one can see, it is possible to define two ratios:
RQ andRU for the Stokes parametersQ and U , respectively.
DSP allows to estimate both the amplitude and phase of R
value. The observations were conducted at the Cassegrain
and Nasmyth foci of the telescope. In the case of the Nas-
myth focus the correction for the instrumental polarization
effects was applied (Safonov et al. 2019).
The measurements of R value for the two dates and two
filters are presented in Fig. 1. The polarized flux was clearly
resolved for these cases as long as R values deviate from
unity significantly.
Safonov et al. (2019) demonstrated how the distribu-
tion of Stokes parameters in some object can be estimated
from the R value measurements. The polarized intensity
computed using this method is displayed in the bottom row
of Fig. 1.
The polarization of each elementary area of the enve-
lope is roughly perpendicular to the direction connecting
this area and the star. Therefore this envelope is likely to
be a reflection nebula surrounding the star. The results of
observations conducted on the same dates but at different
filters are in good agreement. On the other hand, the dif-
ference between the observations conducted on two dates is
striking. The nebula was dominated by the feature at north–
northeast of the star on March 5th. 82 days later, on May
27th, the feature at south–southeast became significantly
brighter than the northern one. For some other dates the
MNRAS 000, 1–7 (2019)
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Figure 2. Individual AAVSO estimations of visual magnitude converted to flux and normalized by its average are indicated by grey
circles. The thick black line indicates a running average of the AAVSO fluxes (the right OY axis). Coloured bars in the lower part of
figure stands for the polarized fluxes of the envelope components, normalized by the average total flux of the object. Each observation
is displayed by a group of three bars: blue for NNE arc, orange for SSE arc, red for SSW arc. The length of bar indicates polarized flux
of the corresponding arc of the envelope (the left OY axis). Dotted line indicates moment of the observation.
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Figure 3. The model of V CVn circumstellar envelope which was
used for the approximation of DSP observables: three scattering
arcs, each subtending angle of 45◦, at fixed position angles. El-
ementary parts of the arcs are polarized perpendicularly to the
direction to the star.
feature at south–southwest became prominent. The images
similar to Fig. 1 for all filters and all dates are provided at
http://lnfm1.sai.msu.ru/kgo/mfc VCVn en.php.
The detected nebula has a characteristic angular size
comparable to the diffraction–limited resolution of the tele-
scope. The appearance of the images in polarized intensity
is strongly affected by the blurring by the PSF. Due to
this and some others problems discussed by Safonov et al.
(2019), these images can only be analyzed qualitatively. For
the quantitative interpretation of the observations we will
compare model and observations in terms of R.
3 MODELLING
Judging by the polarized intensity images of V CVn for all
dates, the simplest model for this source appears to be an
unpolarized central star surrounded by three scattering arcs,
see Fig. 3. The configuration of the arcs is fixed. We will
denote these arcs in accordance with their position relative
to the star: north–northeast (NNE), south–southeast (SSE),
and south-southwest (SSW). The radius is assumed to be
the same for all arcs. Each elementary interval of the arcs
is polarized perpendicularly to the direction connecting this
interval and the star.
In the frame of this model a single observation can be
described by 4 parameters: the radius of the arcs re and
ratios of their polarized fluxes to the total flux of the ob-
ject: FNNE, FSSE, FSSW. The polarized flux is the product of
polarization fraction and the total flux. These parameters
defines the distribution of Stokes parameters in the object,
from which we computed the expected RQ and RU (1). We
emphasize that in the frame of method which we use it is
impossible to estimate the polarization fraction of arc and
its total flux. We can estimate only their product: polarized
flux.
To compare the modelled and observed R values, we
calculated a total residual weighted by σ−2, where σ is the
uncertainty of R determination (Safonov et al. 2019). The
residual was summed in the frequency domain, where the
signal–to–noise ratio in R is sufficiently high, see Fig. 1. The
optimal model was found by minimizing the total residual.
We assumed that the arc’s radius re does not depend on
time and wavelength. It was determined by the approxima-
tion of the observations at three filters conducted on two
dates: 2018 Mar 6th and 2018 May 27th. We found the
radius to be 35 ± 1 mas. As long as re is less than for-
mal diffration limited resolution of the telescope, its value
is model–dependent. For example, it would be different for
the model of sectors, not arcs. Nevertheless the departure
of polarized envelope from the point–like star is detected
quite reliably, and re can be considered as its characteristic
angular extent.
We fixed the radius of arcs at 35 mas and approximated
each observation individually varying the rest three param-
eters FNNE, FSSE, FSSW. The examples of modelled R values
and the corresponding images are displayed in Fig. 1. The
agreement with the observations is reasonable. The results
of approximation of all observations are provided in Table
1. The χ2r statistics is less than 3 for 39 observations out
of 57. Thus for most observations the model describes the
observations satisfactorily.
The total polarized flux from the envelope amounts to
0.01-0.03 of total flux of the object. In other words, the en-
velope explains the polarization of the object, while the un-
polarized flux from the star dominates total the flux.
The Fig. 2 displays the behaviour of the components of
the envelope in V and 550 filters. For ease of comparison,
MNRAS 000, 1–7 (2019)
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the AAVSO light curve (Kafka 2018) is given on the same
graph. Note that the polarized fluxes of the envelope’s arcs
are normalized by the average flux of the object. This allows
to inspect the variability of the arcs independently of the
variability of the star.
It follows from Fig. 2 that the brightening of the arc
NNE coincides with the minimum brightness of the whole
object. This leads to rise of the total polarization of the
object. At the same time the arcs SSE and SSW change
their brightness synchronously with the star.
These features were roughly reproduced at the consid-
ered cycles of pulsation. The exact repetition is not expected
anyway, because the pulsation of the star is irregular. For ex-
ample, in the period of pulsation between JD=2458260 and
JD=2458440 there was no prominent minimum of brightness
on the light curve. The polarization fraction stayed below 2
per cent. The difference in arcs brightnesses in that period
was less pronounced with respect to the previous minimum.
Nevertheless the overall character of the arcs brightnesses
variability was the same.
4 DISCUSSION
In accordance with the latest measurements of
Gaia Collaboration et al. (2018) the distance to V CVn
is 1.27 ± 0.24 kpc. The star resides quite high above
the galactic plane: 1.17 ± 0.23 kpc. The apparent proper
motion of V CVn is µα cos δ = −38.99 ± 0.20 mas yr
−1
and µδ = −11.768 mas yr
−1, the correspoding tangential
velocity is 251 km s−1 with respect to the Sun. The radial
velocity is 4.7 kms−1 (Famaey et al. 2009), i.e. the star
travels almost perpendicularly to the line of sight.
The parallax of V CVn is determined with error of
0.14 mas, what is three times larger than the median of
this value for stars with G ≈ 8.5 (Lindegren et al. 2018).
The error of proper motion is relatively large as well. The
excessive noise of astrometrical solution can be caused either
by chromatic instrumental effects inherent to Gaia data, or
by the envelope described in previous section.
Sharma, Prugniel & Singh (2016) provide the following
fundamental parameters of the star: the spectral type is
M6III, the effective temperature is 3180±99 K. The luminos-
ity corresponding to the Gaia distance is 3.6± 1.5× 104 L⊙
(McDonald, Zijlstra & Boyer 2012). One can also estimate
the radius of the star: R⋆ = 590 ± 110R⊙, which results in
the angular radius of 2.2 mas at the distance of the object.
The characteristic linear radius of the found nebula is
44 ± 10 au, what is ≈ 10 times larger than R⋆. There-
fore the observed polarized flux is formed in the circumstel-
lar envelope at a significant distance from the photosphere.
Most likely this envelope is generated by the dusty stellar
wind. Mid–IR excess in the spectrum of V CVn (Price et al.
2010) and the 9.7 µm silicate feature also favour the ex-
istence of a dusty envelope (Olnon et al. 1986; Simpson
1991). At the same time the star has quite low colour excess
E(B − V ) = 0.04 (Montez et al. 2017) which indicates that
the envelope is not spherically symmetric.
The Keplerian motion is the most obvious potential ex-
planation for the observed changes in the morphology of the
envelope. However getting across the semicircle with the ra-
dius of 44 au in half the period of pulsation (P≈194 days
Samus’ et al. 2017) requires a velocity of ≈ 2500 kms−1.
This is much larger than the expected Keplerian velocity at
44 au from the star with the mass less than 10M⊙. Therefore
the hypothesis of Keplerian is rejected. In below we consider
several other hypotheses for the interpretation of the V CVn
envelope.
4.1 Bow shock hypothesis
(Neilson et al. 2014) proposed that the asymmetric dusty
envelope could form behind the bowshock emerging at the
boundary between stellar wind and the interstellar medium
(ISM). The distance between the star and an apex of the bow
shock is defined by the equality of ram pressures of the stellar
wind and of the flow of the ISM gas (van Buren & McCray
1988). Now we estimate at which density of ISM the bow
shock will be located at 44 au from the star.
First we need a mass–loss rate of the stellar wind. This
value can be estimated from the pulsation period P using
the relation by De Beck et al. (2010). In the case of V CVn
the expected mass–loss rate is 2× 10−7M⊙ yr
−1.
For the estimation of velocity of the star relative to the
ISM we performed the correction for the differential rota-
tion of the Galaxy and for the motion of the Sun towards
the apex. We used the maser rotation curve, which is closest
to the kinematics of the gas (Rastorguev et al. 2017). The
velocity of the star with respect to the local rest frame is
V⋆ ≈ 237 km s
−1. The position angle of velocity vector pro-
jection on the image plane is 255◦, this direction is indicated
by the arrow in the lower left panel of the Fig. 1.
Knowing the velocity of the star relative to ISM, and
using equation (1) from (van Buren & McCray 1988), it is
possible to derive the following dependence of the required
ISM density nH on the velocity of the stellar wind Vw:
nH = 490Vw . (2)
Here Vw is expressed in km s
−1, and nH is expressed in cm
−3.
The density of ISM is expected to be ≈ 103 cm−3 at the ter-
minal stellar wind velocity of a few km s−1, which is typical
for this type of stars.
At the same time the average density of ISM at 1.2 kpc
above the galactic plane is ≈ 3.3 × 10−3 cm−3 (“best es-
timate” from fig. 10 in Dickey & Lockman 1990). In accor-
dance with the map of H i obtained by Ben Bekhti et al.
(2016) no significant molecular cloud exists towards V CVn.
We conclude that the ISM in the vicinity of V CVn is by
≈ 5 orders of magnitude less dense than required to form
the bow shock at 44 au from the star.
In other words, the bowshock has to form at the dis-
tances much larger than the size of the detected envelope.
But intrinsically spherical stellar wind should retain this
symmetry up to distances where the bowshock is formed.
Therefore in our case the interaction between stellar wind
and ISM should not induce asymmetry of dusty envelope,
and, moreover, any variability of its surface brightness. It is
more likely that the shape of the envelope is caused by the
anisotropy of the stellar mass loss.
4.2 Light echo hypothesis
The fact that the brightness of the NNE arc reaches its max-
imum value after ∆t ∼ 95 days after the maximum of bright-
MNRAS 000, 1–7 (2019)
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Table 1. The results of modelling of speckle polarimetric observations of V CVn: polarized fluxes of envelope components relative
to the total flux of the object for the moment of respective observation. JD is given at series center. Magnitude was estimated by
quasi–simultaneous observations of nearby non–variable star HIP65550. For HIP65550 we adopted the following magnitudes in bands
550, 625 and 880 nm: 5.9, 5.1 and 4.9, respectively. The degree and fraction of polarization was estimated from the series used for speckle
polarimetric processing. The uncertainties are provided in 1σ sense. χ2r characterizes goodness–of–fit.
polarized flux, 10−2
JD filter mag p,% θ,◦ NNE SSE SSW χ2r
2457818.4 V 8.00 2.77± 0.15 116± 3 1.85+0.12−0.32 0.08
+0.19
−0.07 0.74
+0.08
−0.17 2.1
I 3.80 1.19± 0.15 110± 7 0.79+0.32−0.21 0.10
+0.15
−0.05 0.26
+0.38
−0.20 13.9
2457886.2 V 7.50 1.48± 0.15 107± 6 0.30+0.12−0.04 0.47
+0.14
−0.04 1.04
+0.04
−0.08 1.9
I 3.60 0.67± 0.15 97± 13 0.38+0.26−0.18 0.25
+0.19
−0.03 0.60
+0.20
−0.15 9.6
2458090.6 550 7.10 0.90± 0.15 106 ± 10 0.22+0.02−0.02 0.35
+0.02
−0.02 0.66
+0.02
−0.02 1.7
625 5.90 0.96± 0.15 107± 9 0.26+0.03−0.01 0.28
+0.03
−0.01 0.62
+0.02
−0.01 2.0
880 3.70 0.70± 0.15 104 ± 12 0.27+0.09
−0.01 0.14
+0.05
−0.01 0.38
+0.04
−0.01 3.0
2458138.6 550 7.10 1.32± 0.15 107± 7 0.86+0.05−0.05 0.24
+0.05
−0.04 0.36
+0.05
−0.05 9.0
625 5.80 1.33± 0.15 102± 6 0.73+0.03−0.04 0.09
+0.04
−0.03 0.40
+0.04
−0.04 0.9
880 3.30 1.05± 0.15 96 ± 8 0.44+0.06
−0.01 0.16
+0.04
−0.01 0.38
+0.04
−0.01 2.8
2458156.6 550 7.80 1.15± 0.15 106± 7 0.63+0.03−0.03 0.18
+0.03
−0.03 0.45
+0.03
−0.03 1.6
625 6.40 1.31± 0.15 104± 7 0.74+0.02−0.02 0.33
+0.02
−0.02 0.53
+0.03
−0.02 1.6
880 3.70 0.96± 0.15 104± 9 0.52+0.04−0.02 0.22
+0.02
−0.01 0.34
+0.03
−0.02 6.3
2458176.6 550 7.50 1.46± 0.15 109± 6 1.01+0.03−0.04 0.04
+0.05
−0.03 0.46
+0.03
−0.03 1.3
625 6.30 1.54± 0.15 105± 6 1.05+0.02−0.03 0.23
+0.03
−0.02 0.40
+0.02
−0.03 1.5
880 3.70 1.10± 0.15 102± 8 0.65+0.01−0.01 0.21
+0.01
−0.01 0.30
+0.02
−0.01 4.2
2458183.6 550 7.40 2.03± 0.15 108± 4 1.58+0.05
−0.06 0.10
+0.06
−0.04 0.57
+0.05
−0.06 1.0
625 6.30 1.99± 0.15 106± 4 1.44+0.03−0.04 0.27
+0.04
−0.03 0.47
+0.03
−0.03 1.1
880 4.00 1.16± 0.15 104± 7 0.72+0.02−0.02 0.15
+0.03
−0.01 0.33
+0.03
−0.02 1.9
2458210.3 550 7.70 2.80± 0.15 116± 3 1.93+0.05−0.12 0.01
+0.06
−0.01 0.89
+0.05
−0.07 1.5
625 6.80 2.52± 0.15 113± 3 1.72+0.03−0.12 0.01
+0.10
−0.01 0.83
+0.04
−0.10 1.4
880 4.00 0.86± 0.15 106 ± 10 0.61+0.02−0.02 0.08
+0.04
−0.01 0.20
+0.04
−0.01 2.9
2458234.4 550 7.50 0.64± 0.15 112 ± 13 0.21+0.05−0.04 0.43
+0.03
−0.04 0.28
+0.05
−0.04 2.8
625 6.40 1.06± 0.15 107± 8 0.49+0.04−0.03 0.37
+0.03
−0.03 0.50
+0.04
−0.03 2.3
880 3.60 0.81± 0.15 95± 11 0.33+0.03−0.02 0.38
+0.02
−0.01 0.32
+0.02
−0.01 5.8
2458238.4 550 7.40 0.39± 0.15 96± 22 0.12+0.07−0.03 0.46
+0.03
−0.03 0.07
+0.06
−0.02 3.9
625 5.90 0.88± 0.15 102 ± 10 0.36+0.05
−0.04 0.46
+0.04
−0.04 0.39
+0.04
−0.04 2.7
880 3.50 0.80± 0.15 93± 11 0.27+0.03−0.02 0.40
+0.02
−0.02 0.37
+0.04
−0.02 8.2
2458254.4 550 6.80 0.95± 0.15 72 ± 9 0.01+0.04−0.01 0.90
+0.04
−0.04 0.29
+0.07
−0.04 1.2
625 5.60 1.03± 0.15 78 ± 8 0.04+0.06−0.02 0.77
+0.03
−0.02 0.31
+0.06
−0.02 1.4
880 3.30 0.93± 0.15 84 ± 9 0.14+0.02−0.01 0.58
+0.02
−0.01 0.39
+0.01
−0.01 2.9
2458266.4 550 6.90 1.31± 0.15 88 ± 7 0.15+0.04−0.02 0.79
+0.03
−0.02 0.69
+0.02
−0.02 2.6
625 5.50 1.18± 0.15 85 ± 7 0.11+0.06−0.01 0.69
+0.01
−0.01 0.53
+0.03
−0.01 3.3
880 3.60 0.86± 0.15 95± 10 0.26+0.04−0.01 0.29
+0.03
−0.01 0.45
+0.02
−0.02 3.2
2458275.3 550 6.80 1.21± 0.15 92 ± 7 0.30+0.02−0.02 0.65
+0.02
−0.02 0.59
+0.02
−0.02 1.4
625 5.70 1.38± 0.15 94 ± 6 0.42+0.02−0.02 0.46
+0.02
−0.02 0.75
+0.02
−0.02 1.6
880 3.60 1.05± 0.15 94 ± 8 0.35+0.02
−0.01 0.41
+0.02
−0.01 0.54
+0.01
−0.01 4.8
2458326.2 550 7.00 1.43± 0.15 97 ± 6 0.48+0.04−0.03 0.47
+0.04
−0.03 0.64
+0.04
−0.03 1.2
625 6.10 1.59± 0.15 93 ± 5 0.58+0.02−0.02 0.65
+0.02
−0.02 0.63
+0.03
−0.02 2.4
880 3.60 1.30± 0.15 87 ± 7 0.46+0.02−0.02 0.29
+0.02
−0.01 0.38
+0.02
−0.01 15.8
2458336.2 550 7.10 1.12± 0.15 100± 8 0.34+0.06−0.05 0.36
+0.05
−0.04 0.54
+0.05
−0.05 0.9
625 6.00 1.29± 0.15 93 ± 7 0.46+0.03−0.02 0.48
+0.02
−0.02 0.48
+0.03
−0.02 1.2
880 3.70 1.18± 0.15 85 ± 7 0.31+0.04−0.01 0.31
+0.02
−0.01 0.24
+0.03
−0.01 8.2
2458356.2 550 7.20 1.11± 0.15 102± 8 0.59+0.03−0.03 0.32
+0.03
−0.02 0.35
+0.03
−0.02 1.7
625 6.00 1.26± 0.15 94 ± 7 0.55+0.02−0.02 0.59
+0.02
−0.02 0.38
+0.03
−0.02 2.5
880 3.80 1.05± 0.15 84 ± 8 0.29+0.04−0.01 0.33
+0.02
−0.01 0.18
+0.04
−0.01 11.4
2458375.2 550 7.40 1.56± 0.15 104± 6 1.01+0.04
−0.04 0.22
+0.04
−0.04 0.40
+0.05
−0.04 1.6
625 6.20 1.41± 0.15 97 ± 6 0.84+0.03−0.02 0.38
+0.03
−0.03 0.26
+0.04
−0.02 1.9
880 3.90 0.89± 0.15 82± 10 0.30+0.05−0.02 0.25
+0.03
−0.02 0.04
+0.06
−0.02 5.2
2458446.5 550 7.00 1.01± 0.15 86 ± 9 0.08+0.23−0.06 0.57
+0.11
−0.05 0.58
+0.08
−0.06 1.5
625 6.00 1.11± 0.15 98 ± 8 0.30+0.08−0.03 0.46
+0.08
−0.03 0.67
+0.03
−0.09 1.4
880 3.60 1.30± 0.15 103± 7 0.39+0.14−0.04 0.35
+0.10
−0.03 0.78
+0.04
−0.10 3.6
2458459.6 550 7.30 1.03± 0.15 95 ± 8 0.15+0.18−0.05 0.55
+0.10
−0.04 0.60
+0.09
−0.04 1.1
625 6.00 1.38± 0.15 98 ± 6 0.50+0.09−0.04 0.56
+0.06
−0.03 0.75
+0.03
−0.07 1.4
880 3.50 1.23± 0.15 98 ± 7 0.40+0.09−0.03 0.45
+0.06
−0.02 0.74
+0.04
−0.03 4.0
2458504.5 550 7.10 0.72± 0.15 95± 12 0.27+0.22−0.04 0.16
+0.14
−0.04 0.33
+0.15
−0.04 3.0
625 6.00 0.81± 0.15 97± 11 0.30+0.12
−0.04 0.15
+0.19
−0.04 0.41
+0.12
−0.04 3.2
880 3.50 0.68± 0.15 95± 13 0.26+0.17−0.05 0.13
+0.16
−0.04 0.31
+0.17
−0.05 9.5
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Figure 4. Colour–flux diagrams for envelope components and
the whole object. Along OX axis the flux in 550 filter normalized
by the average total flux of the object is plotted. Along OY axis
the ratio of normalized fluxes in 550 and 880 filters is plotted.
Blue, orange and red symbols correspond to arc NNE, SSE and
SSW, respectively. Black symbol corresponds to the whole object.
Taking into account that the envelope is fainter than the star they
represent the behaviour of the star. For the envelope components
polarized fluxes are given, for the whole object total flux is given.
ness of the star can be explained by the effect of the light
echo, as in case of RS Pup (Kervella et al. 2008). In this
case the NNE arc should be at least c∆t/2 ∼ 8000 au far-
ther from us than the star. The characteristic linear size of
the cloud can be estimated as NNE arc length: ≈ 40 au. The
respective circumstellar cloud would intercept no more than
≈ 1.4×10−6 of stellar radiation. Some of this radiation would
be absorbed and the rest would be scattered mostly forward.
For the observer the cloud would be seen in back–scattering
regime as a source of polarized flux at least ∼ 10−6 fainter
than the star, i.e. 102 − 103 fainter than observed — see
Fig. 2. It means that the brightness of the detected nebula
is inconsistent with the light echo hypothesis.
4.3 Variable shadowing hypothesis
Periodic changes in morphology of circumstellar envelope
may be caused by the effect of variable shadowing. In this
case the outer parts of the circumstellar envelope will be
partly obscured from the point of view of the star by the
inner parts of the same nebula. The geometry of this obscu-
ration will depend on the radius of the star, which in turn
changes with pulsation.
This hypothesis had been proposed by Kervella et al.
(2014) to explain correlation between photocentre motion
and pulsation cycle of another semiregular variable L2 Pup.
If this hypothesis is applicable to V CVn, then there is
a structure in the inner envelope of the star which casts a
shadow on NNE arc when the star is bright. Assuming that
the star is larger at minimum brighness, and shadowing of
NNE arc should decrease when the object is faint. Conse-
quently, NNE arc should become brigther.
However the colour (temperature) of star depends on
the pulsation cycle as well. Therefore in the frame of this
explanation the tracks of the arcs in the colour–flux diagram
should differ. The NNE arc should become more red at its
S
N N
S
observer:
high flux
low polarization
observer:
low flux
high polarization
image plane
axis of pulsation
Figure 5. The scheme illustrates a proposed configuration of the
object in case of non–radial pulsation (not to scale). Left and right
panels are for the maximum and minimum flux for the Earth–
based observer, respectively. See the text for the explanation.
brightening (when the star is faint), while SSE/SSW should
become more blue, when they brighten.
But it follows from Fig. 4 that the colour behaviour of
all components of the envelope is essentially the same and
similar to one of the star: the bright state is characterized
by the bluer colour. Therefore we reject this hypothesis as
well.
4.4 Non–radial pulsation hypothesis
The character of the variability of the NNE arc could be
naturally explained in terms of the assumption that the
pulsation of the star from its point of view is shifted by
half a period relative to the pulsation from the point of
view of the observer. At the same time from the point of
view of SSW/SSE arcs the pulsation appears the same as
for observer. The corresponding model is illustrated in Fig.5
and assumes significant departure of stellar pulsation from
purely radial, or, more precisely, the existence of dipolar
pulsation.
In the frame of this model, when the star at maximum
brigthness, the part of star facing the observer and arcs
SSW/SSE is in bright state. Meanwhile the part of star fac-
ing the arc NNE is faint. After the half a period of pulsation
the situation is opposite. Now the star appears faint for the
observer and bright for the NNE arc. Because of this the lat-
ter reaches maximum brighness. The input of scattered and
polarized radiation in the total flux of the object rises. The
inverse correlation between the total fraction of polarization
and flux emerges.
Non–radial pulsation was considered as one of possible
qualitative explanations for the unusual polarization vari-
ability of the star V1497 Aql by Patel et al. (2008). This
semiregular variable star shows irregular changes in fraction
of polarization with the amplitude of up to 5 per cent as-
sociated with relatively small changes in brighness ≈ 0.2m.
However, reliable evidences for non-radial pulsation giving
an amplitude of ∆V ≈ 1.5m are missing and theoretically it
was not predicted (Mosser et al. 2013).
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5 CONCLUSIONS
We have presented the observations of the semiregular vari-
able V CVn using the method of differential speckle po-
larimetry at the wavelengths of 550, 625 and 880 nm. We
found a reflection nebula in polarized light surrounding the
star at the typical distance of 35 mas, which corresponds to
44 au at the distance of the object. The detected nebula lacks
the rotational symmetry in the plane of sky. Three regions
can be identified in this nebula, towards north–northeast,
south–southeast, and south-southwest from the star. The
asymmetry of the nebula leads to the constancy of angle of
polarization and to the high fraction of polarization for the
whole object.
The observations on 20 dates distributed over the three
cycles of the pulsation demonstrated that the different re-
gions of the scattering envelope change their brightness with
the same period as the star, but with significant phase shifts.
For example, the region NNE reaches the maximum bright-
ness when the whole object is at minimum brightness. At
that time, the input of scattered, and therefore polarized,
radiation in the total flux of the object increases. Because
of this the whole object demonstrates an inverse correlation
between the flux and polarization.
Using a simple estimation we have shown that the asym-
metry of the envelope cannot be generated by the interaction
of the stellar wind and ISM. The geometry of the envelope
is likely to be defined solely by the anisotropy of the stellar
wind.
We demonstrate that the very peculiar variations of sur-
face brightness of the envelope cannot be explained by Ke-
plerian motion, light echo or variable shadowing. We note
that all observational features of dusty envelope of V CVn
are in agreement with the assumption that the pulsation of
the star is significantly non–radial. We leave the question
whether such explanation is realistic from the point of view
of stellar models open.
New observations of the envelope at angular resolution
smaller than its characteristic size are needed for more de-
tailed modelling of the envelope. Such observations could be
conducted at a large telescope or a long–baseline interfer-
ometer. Both single and multi–epoch observations would be
of value. Spectroscopic monitoring would allow to check the
atmosphere for the temperature inhomogeneity across the
stellar surface.
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